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The return trip often seems shorter than the outward trip even when the distance and actual
time are identical. To date, studies on the return trip effect have failed to confirm its exis-
tence in a situation that is ecologically valid in terms of environment and duration. In addi-
tion, physiological influences as part of fundamental timing mechanisms in daily activities
have not been investigated in the time perception literature. The present study compared
round-trip and non-round-trip conditions in an ecological situation. Time estimation in real
time and postdictive estimation were used to clarify the situations where the return trip effect
occurs. Autonomic nervous system activity was evaluated from the electrocardiogram using
the Lorenz plot to demonstrate the relationship between time perception and physiological
indices. The results suggest that the return trip effect is caused only postdictively. Electro-
cardiographic analysis revealed that the two experimental conditions induced different re-
sponses in the autonomic nervous system, particularly in sympathetic nervous function,
and that parasympathetic function correlated with postdictive timing. To account for the
main findings, the discrepancy between the two time estimates is discussed in the light of
timing strategies, i.e., prospective and retrospective timing, which reflect different emphasis
on attention and memory processes. Also each timing method, i.e., the verbal estimation,
production or comparative judgment, has different characteristics such as the quantification
of duration in time units or knowledge of the target duration, which may be responsible for
the discrepancy. The relationship between postdictive time estimation and the parasympa-
thetic nervous system is also discussed.
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Introduction
Our perception of time is a guiding force in our behaviors because it is an essential component
of cognition and motor performance, representing one of the basic mechanisms of cerebral
function [1]. To deal with time, multiple systems over more than ten orders of magnitude have
been developed because we process and use temporal information across a wide range of inter-
vals [2]. Time perception researchers often separate time into millisecond timing, interval tim-
ing including the range of seconds-to-minutes-to-hours, and circadian timing [2]. In this
paper we call timing in the range of minutes-to-hours “real-life” timing in order to highlight its
relevance to our daily life. Interval timing is less accurate than other timing ranges [2,3]. Be-
cause of this inaccuracy, we experience many odd phenomena related to time perception. For
example, when we go from a station to a destination, and return to the same station, the return
trip often seems shorter than the outward trip, though the distance traveled and the actual du-
ration of the trips are almost identical. This phenomenon is called the “return trip effect” [4].
Zakay [5] discussed this effect from the viewpoint of time relevance, which indicates how
important it is in a specific situation to be aware of the passage of time. The higher the time rel-
evance, the more attentional resources will be allocated to time and therefore the longer the es-
timate of duration. When we have to go somewhere at a certain time for an important event,
time relevance is high. On the contrary, when returning to the starting point, time is not so im-
portant and time relevance is low. However, two studies directly examining the return trip ef-
fect provide other potential explanations. These studies did not include a purpose for the
outward trip; therefore, time relevance seemed to be equal between outward and return trips.
Ven et al. [4] confirmed that the return trip effect is frequently experienced in daily life. They
also reported that it is not due to an increase in familiarity with a route, but is probably due to a
violation of expectations for the durations of trips: the more the participants’ expectations were
violated on the initial trip, the more they experienced the return trip effect. Seno et al. [6] con-
ducted a virtual travel experiment with verbal instructions and examined two factors: one per-
ceptual (optic flow inducing self-motion perception or random dot control condition) and one
cognitive (with or without a round trip story). Their results indicate that the return trip effect is
induced only when self-motion perception is accompanied by the round-trip story, in other
words, by combined perceptual and cognitive factors.
The foregoing studies provide important suggestions about the return trip effect, but there
are also some problems. One is that a comparison between the round-trip condition and non-
round-trip condition in an environment close to daily experience is needed. Ven et al. [4] used
actual trips, or virtual trips by movies, but they compared only round-trip conditions, without
a control condition. Seno et al. [6] examined the round-trip and non-round-trip conditions,
but their experimental environment seems to be far from actuality, and the duration of the task
(40 s) was much shorter than real-life trips. Recently, the need for ecologically valid tasks has
been discussed [7–9]. To address these issues, we investigated not only the round-trip condi-
tion but also the non-round-trip condition by presenting walking movies for relatively long in-
tervals. The duration of a trip in this study was over 20 min, which is closer to typical trip-
durations than previous studies. The experimental setup using walking movies is more ecologi-
cal than that in Seno et al. [6] and the same as that in Ven et al. [4]. In one of our unpublished
studies, when participants walked on a treadmill during the same experiment setup, they
sometimes tried to turn right or left on the treadmill as if they had walked in a real environ-
ment. The method of watching a movie presented by a projector in a dimly room seems to
have a sufficient sense of immersion, though we acknowledge that watching a movie is different
from a real walk. From the viewpoint of duration interval and environment, this study is com-
paratively ecologically valid.
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A second issue is the need for prospective timing for a long real-life interval. Time percep-
tion studies are divided into prospective and retrospective timing [1,10,11]. Prospective timing
is involved in the situation where participants are alerted in advance that timing is an essential
part of the task presented, for instance, you are asked to perform arithmetic exercises for a
given duration and asked in advance to estimate the duration upon the completion of the inter-
val. This timing depends on attentional processes, as explained by the attentional gate model
[5,7–9,12,13]: the attention paid to the duration closes a switch between an intrinsic pacemaker
and a pulse accumulator, and time judgment is based on the pulses counted in the accumulator.
As a result, the more attention is paid to the duration, the longer time is felt to be. Retrospective
timing is the situation where participants are asked an unexpected question about duration, for
example, you try to recall how long a film was, or how long it took to talk with friends. Retro-
spective timing is based on memory processes [5,7,9,12,13], and a larger memory for an event
leads to a longer remembered duration. When estimating time, it has been assumed that the
amount of segmentation determines the size of a memory as a contextual change model indi-
cates [14,15]: the contextual changes perceived generate temporal referents in memory and we
reconstruct the duration of the event based on them. That is, more mental contextual segmen-
tations lead to longer estimation. Ven et al. [4] used the retrospective paradigm. On the con-
trary, Seno et al. [6] used the prospective paradigm, but as mentioned above the duration of the
task was very short. Therefore, it is unclear whether the return trip effect is observed in pro-
spective timing for longer, real-life intervals. We adopted two methods of time estimation. One
was repeated production of a 3 min interval (RP3), which reflects time perception in real time,
or prospective timing. The other method was an 11-point scale reflecting postdictive time per-
ception, or retrospective timing, as it was also used in a previous study [4]. Using RP3 and an
11-point scale enabled us to evaluate both prospective and retrospective timings within the
same experiment. However, it should be noted that we use the terms “time perception in real
time” and “postdictive time perception.”
It is important that the return trip effect has been observed when using the verbal estimation
method [4,6] and the comparison method [4]. The estimation method may be a more complex
time judgment, because it implies the quantification of duration in time units while the com-
parison method only requires a comparison between durations [8]. Regardless of this differ-
ence the return trip effect has occurred. In this study, RP3 as the production method and an
11-point scale as the comparison method were used. The production method is compatible
with the verbal estimation method [1]. Based on the observations in previous studies, we hy-
pothesized that the return trip effect would be observed not only in the postdictive rating task
but also in RP3.
Studies of time perception have focused on physiological factors such as heart rate (HR),
body temperature, or age, as well as perceptual or cognitive factors, in search of fundamental
timing mechanisms [1,10,16]. Classically the relationship between time perception and body
temperature has been well known. The general rationale is that, as increase in temperature fa-
cilitates chemical reactions, any physiologically based pulser or oscillator will operate at a faster
rate, with decrease in temperature having the opposite effect [10]. Compared to body tempera-
ture, HR may have more complex effects. Jamin et al. [17] found a linear relationship between
time estimation and HR, with underestimation of duration with decreased HR. This seems to
be explained by the same rationale as that for body temperature because a decrease in HR may
lead to a slower rate of the physiologically based pulser, which can cause underestimation of
duration. Lediett & Tong [18] indicated that increases in HR improved the accuracy of time
perception in some participants, but lessened it in other participants, depending on their per-
sonality. Though the direction of the effect of HR is unclear, HR can modulate time perception.
Moreover, HR can be analyzed in more detail. HR is regulated by the sympathetic and
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parasympathetic nervous systems; therefore, HR variability (HRV) represented by the standard
deviation (SD) includes the influence of both systems [19]. Analyses such as spectral analysis
or the Lorenz plot can separately evaluate these modes of regulation [20–23]. Measurement of
HR enables us to use these analyses, which is the advantage over measurement of body
temperature.
While these physiological factors that are assumed to underlie timing mechanisms are
mainly investigated over relatively short intervals, perception for long intervals is attributed to
cognitive processes such as memory or attention. However, it is not denied that physiological
factors may also affect time perception for long intervals. HR and HRV seem to be related to
cognitive processes as well as autonomic regulation. HR has been found to react to the emo-
tional valences of film clip stimuli while HRV has been found to be related to acoustic startle
reflex sensitive to negative stimuli [24]. It is possible that these physiological responses could
not only underlie the oscillator of the internal clock but also modify time perception for long
intervals through more complex cognitive processes such as emotion [13,25].
The aims of this study were 1) to compare the round-trip and non-round-trip conditions
with a real-life duration and comparatively ecological environment, 2) to identify the circum-
stances where the return trip effect occurs (i.e., time perception measured in real time or post-
dictively), and 3) to examine whether autonomic nervous system (ANS) activity contributes to
the return trip effect. We hypothesized that the return trip effect would be observed in both
RP3 and the 11-point scale, and that differences in ANS activities between the two groups may
underlie the return trip effect.
Materials and Methods
Participants
Twenty healthy males (aged 20−30 years) participated in the study. All participants reported
normal or corrected-to-normal vision. The experimental procedures were conducted in accor-
dance with the Declaration of Helsinki and were approved by the Local Ethics Committee of
the Graduate School of Human and Environmental Studies, Kyoto University. Participants
gave written informed consent according to institutional guidelines.
Procedure and tasks
The experiment consisted of two test sessions: the first trip session and the second trip session.
In both sessions, participants were asked to watch a movie recorded while walking. Before each
session, they were handed a map of a route they would watch in the movie and instructed to
glance at the map during the task as if they actually walked the route for the first time. There
were three different movies: movie-1, -2, and -3 (Fig 1). Movie-1 showed a route from “S” to
“E” in Fig 1A. Movie-2 showed a route from “(S)” to “(E)” in Fig 1A, which meant that the
route was the same as that of movie-1, but the direction of travel was reversed. Movie-3 showed
a route from “S” to “E” in Fig 1B, which was completely different from those of movie-1 and
movie-2. The durations and distances of the three movies were equal (26.3 min, 1.7 km). A
round-trip group, comprising 10 participants, watched movie-1 or movie-2 in each session. A
control group, comprising the other 10 participants, watched movie-2 or movie-3 in each ses-
sion. The order of movies was counterbalanced across participants in both groups. We con-
firmed that all twenty participants were unfamiliar with the routes they had watched.
While watching the movie, participants were required to verbally report when they felt it
had taken 3 min, and to continue these reports until the end of the movie (repeated production
of a 3 min interval task hereafter called RP3 task). After watching the two movies, they were
asked which movie they felt was longer on an 11-point scale from −5 (the first was a lot longer)
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to +5 (the second was a lot longer). They were not informed of this question in advance.
Participants were instructed to remove their wristwatch or any rhythmical devices and not to
use verbal nor nonverbal counting strategies such as “1, 2, 3. . .” during the tasks. Before the ex-
perimental sessions, there was a practice session in which participants watched a movie, saw a
map, and carried out the RP3 task using a route that was different from those used in the test
sessions. There was a rest interval of 10 min between sessions.
Apparatus
The experimenter had recorded four movies (movie-1, -2, -3, and the movie used in the prac-
tice session) using a camera (EX-F1, HD/30 fps, CASIO, Tokyo) held in front of the chest
while walking. We carefully prepared three experimental movies to precisely match their dura-
tions. Firstly, an experimenter who would record the movies practiced walking in order to walk
with constant speed. Secondly, we preliminarily searched routes to examine the timings when
traffic lights change so that we could adjust the frequency of being stopped by red traffic lights.
Finally, we shot each movie four to six times. Based on these efforts, we produced movies with
well-controlled durations. The movies used in the first and second test sessions were approxi-
mately 26.3 min long, and the movie used in the practice session was approximately 9.0 min
long. Movies were played back by a PC and presented on a screen by a projector (NP62, NEC,
Tokyo) at a size of 0.9 m × 1.5 m. Participants were individually tested in a dimly lit room and
comfortably sat on a chair. The distance between the screen and the projector was approxi-
mately 2.70 m, and that between the screen and the chair was approximately 3.65 m. At the
start of the movie, a stopwatch was started, and the experimenter filmed the session so that the
times of participants’ verbal reports could subsequently be confirmed. To obtain heart beats, a
bipolar electrocardiogram (ECG) was continuously measured by a precordial lead. The re-
corded ECG was stored on a computer via 16-bit analog-digital converter (PowerLab 16SP,
ADInstrument, Sydney) at a sampling frequency of 1 kHz.
Fig 1. Maps of routes displayed in movies. ‘S’ on the maps denotes the starting point, and ‘E’ the endpoint for each route. Cyan line represents the routes
of movies. (A) A route in movie-1 and -2, with ‘S’ and ‘E’ for movie-1 and ‘S’ and ‘E’ with parentheses for movie-2. (B) A route in movie-3.
doi:10.1371/journal.pone.0127779.g001
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Data and analyses
Two indices were used to evaluate time perception. RP3 represented the objective durations be-
tween the start of the movie and the first report, or between a report and the following report
produced by participants in the RP3 task. The larger the RP3, the shorter the participant evalu-
ated the past time was because overproduction in the production method equals to underesti-
mation in the verbal estimation method. This index evaluated time perception in real time
because it was produced during the experiment. The other index was the 11-point scale. This
index of time perception more closely corresponds with our daily experiences. Also the judg-
ment on the 11-point scale was not processed during the tasks because it was unexpectedly
asked in the end. Therefore this judgment was constructed after the tasks.
ANS activity was assessed from the ECG data. Detection of each cardiac impulse was trig-
gered by the R wave, and visual inspection was used to search the possibility of extra or missing
beats. Then R-R intervals were calculated from these impulses, and were converted into instan-
taneous HRs. To investigate overall changes in HR, the mean instantaneous HR and the SD of
instantaneous heart rates (SD-HR) were calculated. SD-HR is considered to be an index reflect-
ing the activity of the whole ANS, because the SD of HR reflects all cyclic components respon-
sible for variability, and the variance is mathematically equal to the total power in spectral
analysis [19]. To investigate ANS activity in detail, the Lorenz plot was adapted. This is a two-
dimensional non-linear plot. When the sequence of the consecutive R-R intervals is expressed
by I1, I2,. . ., In, the Lorenz plot is constructed by plotting Ik + 1 against Ik. Two components of
the R-R fluctuation are calculated from the plots: the length of the transverse axis (T), which is
vertical to the line Ik = Ik + 1, and that of the longitudinal axis (L), which is parallel with the line
Ik = Ik + 1. These components are calculated by quadrupling the SDs of the plotted points along
its axis. Two autonomic indices were obtained from these components: cardiac vagal index
(CVI) is defined as log10(L × T) and cardiac sympathetic index (CSI) as L/T. CVI and CSI re-
flect parasympathetic and sympathetic functions, respectively. This analysis is more sensitive
than spectral analysis [20].
RP3s were averaged within participants in each session. ECG data were separated into seg-
ments corresponding to RP3s. Then HR, SD-HR, CVI, and CSI were calculated in each seg-
ment and averaged across segments within participants in each session.
Statistics
To assess the independent and combined effects of RP3, HR, SD-HR, CVI, and CSI, a two-way
mixed-model analysis of variance (AVOVA) was conducted with the round-trip and control
groups as a between-subjects factor (Group) and the first and second trips as a within-subjects
factor (Trip Session). If a significant interaction was found, within-subjects differences were
analyzed for each group using two-tailed pair-wise t tests. To assess the 11-point scale, a two-
tailed Welch’s t test was used because of the difference of variance mentioned in Results (see
also Fig 2B). Also, a two-tailed one-sample t test was used for each group to judge whether the
estimation was significantly biased. Effect size was estimated by using partial eta-squared (ηp
2)
and Cohen’s d. Pearson correlations between autonomic nervous activities (the change of HR,
SD-HR, CVI, and CSI) and time estimates (changes in RP3, and the values of 11-point scale)
were investigated in each group. The change in each index was defined by subtracting the
value in the second trip session from that in the first trip session. For all statistical calculations,
p<. 05 was accepted as significant. In case of multiple comparisons at follow-up analyses,
Holm correction was used to control for false positives.
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Results
Time estimation
The mean RP3s are plotted in Fig 2A. An ANOVA on RP3 revealed that there was a significant
effect of Trip Session (F(1, 18) = 5.57, p = .03; ηp
2 = .24). There was no effect of Group (F(1,
18) = .13, p = .72; ηp
2 = .007) and no significant Trip Session × Group interaction (F(1, 18) =
.84, p = .37; ηp
2 = .04).
The mean 11-point scale scores are plotted in Fig 2B. There was an apparent difference in
SE between two groups. In the round-trip group the evaluated scores were all negative whereas
in the control group the scores included both negative and positive values. Due to this differ-
ence we performed a Welch’s t test showing that there was a significant difference between the
two groups (t(12) = −2.92, p = .013; d = −1.31). A one-sample t test showed that the mean
score for the round-trip group was smaller than 0 (t(9) = −6.53, p = 1.1 × 10−4; d = −2.06). In
addition, all ten participants produced negative values. The scores on the 11-point scale for the
control group did not differ from 0 (t(9) = .60, p = .57, d = .19).
Autonomic nervous function
Variables related to ANS activities are plotted in Fig 3. In the round-trip group one participant
showed very slow HR (around 55 beats/min) with low variability because he was a skilled sport
player, and another showed very fast HR (around 100 beats/min) with high variability, which
led to wide distributions of HR and SD-HR within the group (Fig 3A and 3B). An ANOVA on
HR (Fig 3A) revealed that there was no effect of Trip Session (F(1, 18) = .10, p = .75; ηp
2 = .006)
or Group (F(1, 18) = .14, p = .71; ηp
2 = .008), and no interaction (F(1, 18) = .70, p = .42; ηp
2 =
.04). On SD-HR (Fig 3B), there was no effect of Trip Session (F(1, 18) = 1.77, p = .20; ηp
2 = .09)
or Group (F(1, 18) = .77, p = .39; ηp
2 = .04), but there was a significant Trip Session × Group in-
teraction (F(1, 18) = 5.16, p = .036; ηp
2 = .22). Two-tailed pair-wise t tests revealed that SD-HR
in the second trip session was larger than that in the first trip session for the control group
(t(9) = −3.40, p = .016; d = −.48), and that there was no difference between trip sessions for the
round-trip group (t(9) = .55, p = .59; d = .08). On CVI (Fig 3C), there was no effect of Trip Ses-
sion (F(1, 18) = .51, p = .48; ηp
2 = .03) or Group (F(1, 18) = 2.30, p = .15; ηp
2 = .11), and no
Fig 2. Time estimations. (A) Mean RP3 in each condition, calculated across participants, and (B) mean 11-point scale in each group, calculated across
participants. Values are means ± 1SE. RP3, repeated production of a 3 min interval.
doi:10.1371/journal.pone.0127779.g002
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interaction (F(1, 18) = 2.74, p = .12; ηp
2 = .13). On CSI (Fig 3D), there was a significant effect of
Trip Session (F(1, 18) = 9.47, p = .006; ηp
2 = .35), but no effect of Group (F(1, 18) = .59, p = .45;
ηp
2 = .03). The Trip Session × Group interaction approached significance (F(1, 18) = 3.87, p =
.065; ηp
2 = .18). This interaction was not significant, but t tests showed that CSI in the second
trip was larger than that in the first trip session for the control group (t(9) = −4.130, p = .005;
d = −.64), and that there was no difference between trip sessions for the round-trip group (t
(9) = −.70, p = .50; d = −.10).
Correlations
Correlations between ANS activities and time estimates are presented in Table 1. A significant
correlation between the 11-point scale and the change in CVI was found in the control group
(r = .74, p = .014) (Fig 4A). The correlation between the 11-point scale and the change in
SD-HR approached significance in the control group (r = .62, p = .054) (Fig 4B). No other
Fig 3. Physiological indices. (A) Mean HR in each condition, (B) mean SD-HR in each condition, (C) mean CVI in each condition and (D) mean CSI in each
condition, calculated across participants. Values are means ± 1SE. HR, heart rate; SD-HR, standard deviation of heart rate; CVI, cardiac vagal index; CSI,
cardiac sympathetic index.
doi:10.1371/journal.pone.0127779.g003
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significant correlation was found in the control group, and no correlations were found in the
round-trip group.
Discussion
It should be noted that we cannot be confident of the null results of ANOVA interaction effects
mentioned below due to low statistical power. Assuming sample size = 10 per group and medi-
um effect size f = .25 equivalent to ηp
2 = .06, the statistical power to detect the interaction = .56
(calculated with GPower 3.1 [26]).
Discrepancy between the two time estimates
We assessed time perception in two ways, prospective judgment involving on-going temporal
production (RP3) and retrospective judgment comprising a comparison of two intervals on an
11-point scale. These two indices apparently showed different results, suggesting that the re-
turn trip effect might be caused only postdictively. According to the 11-point scale results, only
the round-trip group estimated that the second trip took less time than the first trip. In con-
trast, the RP3 results indicate that both groups felt that time had been shorter in the second
trip session. Considering that the 11-point scale is a similar method for evaluating time percep-
tion to that used in previous research [4] and is also close to the situation in which we
Table 1. Correlation coefficients between ANS and time perception for the round-trip group and the control group.
Round-trip Control
RP3 11-point scale RP3 11-point scale
r p r p r p r p
HR -.49 .149 -.45 .197 -.32 .370 -.41 .240
SD-HR -.26 .474 -.36 .314 .08 .828 .62 .054
CVI .23 .532 -.07 .853 .33 .347 .74 .014*
CSI -.29 .416 -.37 .287 -.16 .656 .35 .316
* p <. 05.
doi:10.1371/journal.pone.0127779.t001
Fig 4. Relations between ANS and postdictive time perception. (A) Correlation of the change of CVI with 11-point scale for the control group, and (B)
correlation of the change of SD-HR with 11-point scale for the control group. The change was defined as subtracting the value in the second trip session from
that in the first trip session. ANS, autonomic nervous system; CVI, cardiac vagal index; SD-HR, standard deviation of heart rate.
doi:10.1371/journal.pone.0127779.g004
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experience the return trip effect in daily life, it is certain that the return trip effect is observed at
least postdictively. In addition, this difference between the two time estimates suggests that
postdictive time perception, measured by the 11-point scale, might not be based on time per-
ception in real time, as estimated by RP3. During tasks, time may be felt to be shorter in the
second trip session for both groups, but this would not lead to the same experience of time
after completion of the tasks.
The discrepancy between the two estimates can be explained by timing strategies. Time per-
ception includes prospective and retrospective timing [1,10,11]. RP3 would be prospective tim-
ing because participants were aware of this task during the experiment, and the production
method is a major method in prospective timing. The 11-point scale may reflect retrospective
timing because it was conducted unexpectedly and postdictively, though participants knew
that timing was a major task because of RP3. One of the purposes of this study was to reveal
whether the return trip effect is observed when using prospective timing for a long real-life in-
terval. The absence of the effect in RP3 indicates that the return trip effect is not induced in
prospective timing. The difference between our results and Seno et al. [6] also using prospective
timing could be attributed to duration intervals because their stimuli were 40 seconds. In addi-
tion to the two timing paradigms, Wearden [11] proposed another one, passage of time. Differ-
ent from prospective and retrospective timings, which focus on how long a time period lasted,
passage of time concerns how quickly time seemed to pass. By intuition, if time seems to pass
quickly during an event, the event might be judged as short. However, Wearden [11] reported
that film clip stimuli which seemed to pass more quickly were evaluated equally in retrospec-
tive time estimation. Passage of time may be easily influenced whereas retrospective timing ap-
pears to be difficult to manipulate. The return trip effect, which was only observed in the
subjective scale judgment, may not be a matter of the duration judgment, but of passage of
time. The question in the 11-point scale was “which movie they felt was longer” and the answer
was for example “the first was a lot longer.” This subjective scale may have been confused with
passage of time. To investigate whether the 11-point scale was confused with passage of time,
we should compare the postdictive verbal estimation and the 11-point scale with the same set-
ting as the present experiment.
The absence of interaction in RP3 may reflect the specific timing method rather than the
timing strategy. Previous studies have observed the return trip effect when using the verbal esti-
mation and subjective scale methods [4,6], which suggests that the return trip effect can be as-
sessed by both the method requiring quantification and that requiring just comparison [8]. As
the production method used in RP3 seems homologous to the verbal estimation method [1],
we had expected the return trip effect in RP3, but did not observe it. One of the possible differ-
ences between the production and the verbal estimation methods is a review of past time. In
the production method, participants can predict how long they should pay attention to time
because the target duration, 3 min in this study, is presented beforehand. On the contrary, in
the verbal estimation method participants do not know how long they will measure time; pre-
sented durations may be 10 sec, 10 min, or 1 hour. In this unpredictable situation without
counting strategies it may be more or less necessary to postdictively review past time after the
task. The return trip effect observed in previous studies [4,6] using the verbal estimation may
be attributed to the review of past time. The postdictive 11-point scale in the present study also
includes the review of past time, which may imply the importance of the review of past time.
It is worth noting that the increase in RP3 in both the round-trip and the control condition
in the second session might be attributable to repeated reports. According to interviews after
completion of the tasks, participants initially seemed to find the RP3 task to be difficult, but as
they continued they became accustomed to the task and found it easier. In general, the dura-
tions of simple or dull tasks tend to be underestimated, whereas complex or detailed tasks tend
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to be overestimated [27–29]. Another possible explanation for the increase in RP3 is that there
is a lag before the participant becomes absorbed by the movie. When playing a video game,
players often underestimate the playtime, but when playing the game only briefly, they overes-
timate the playtime because of an “adaptation period” that is required to be fully immersed in
the game [7,9,30]. Bisson et al. [9] discussed that the adaptation period might be less pleasant
and thus induce overestimation of time. It is also possible to interpret the adaptation period
from an attentional perspective: after this adaptation period, participants can be absorbed in
the game, which distracts attention from its duration [12]. According to a model for apparent
duration suggested by Glicksohn [31], apparent duration is a multiplicative function of the size
of and the number of the subjective time unit. Externally oriented attention decreases the size
of the time unit. In the present experiment, after an adaptation period in which participants
might have been absorbed enough into the movie, more attention might have been deployed to
the movie (an external stimulus) thereby decreasing the size of the time unit, and thus apparent
duration might have been shortened. If the duration of the practice session is extended to fully
elicit the possible habituation to the RP3 task or the possible absorption into a movie in ad-
vance, the change in RP3 observed in this study might vanish. Also, if absorption causes over-
production (underestimation) in RP3, RP3 while playing a video game could be increased after
a certain adaptation period. These approaches could provide informative evidence about the
change of RP3.
As mentioned above, the absence of the interaction in RP3 may reflect low statistical power.
The difference between the two groups in the 11-point scale measure was very large, so the re-
turn trip effect seems to be prominently observed in postdictive time estimation. However, we
can’t be confident of the null results of RP3.
Moderately different influences on ANS
The two experimental conditions did not cause drastic, but only moderately different, changes
in overall ANS activity. The whole ANS, as measured by SD-HR, was more active in the second
trip session only for the control group. Similarly CSI, reflecting sympathetic activity, increased
only for the control group. These results suggest that overall ANS activity differently responded
for the two groups, mainly as a result of sympathetic activity. Increased HRV is associated with
lower mental load [32,33]. However, the increase in sympathetic activity is considered to reflect
an increase in mental stress or concentration [34]. It is difficult to infer the change in mental
state in the control group. However, on the basis of the major contribution of sympathetic ac-
tivity discussed above, it is possible that the control group might have felt greater mental stress
in the second session. Watching one trip movie over 25 min was a lengthy task. During the
second session participants in the control group might have felt that they would have to watch
another long dull movie. In contrast participants in the round-trip group might have been re-
laxed because they would know it from past experiences of return trips that the return trip
would seem short. Here we emphasize only that the combinations of movie-1 & -2 and movie-
1 & -3 had moderately different influences on ANS activity.
Influence of ANS activity on time perception
Time perception, estimated postdictively, seems to be related to the parasympathetic activity.
When the change in CVI between the two sessions was larger, participants in the control group
felt that the session with larger CVI was shorter. The correlation between the change in SD-HR
and the 11-point scale showed the same trend. On the basis of the fact that the parasympathetic
nervous system activity represented by CVI contributes to ANS activity represented by SD-HR,
and the values of r (.74 and. 62 for CVI and SD-HR, respectively), it can be inferred that
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among ANS activities the parasympathetic activity mainly contributed to postdictive time per-
ception. A recent study investigating the relationship between body signals and time perception
suggests that the parasympathetic activity may affect time perception. In the reproduction
method a decrease in HR caused by an increase of the parasympathetic activity during encod-
ing of time improved the accuracy of duration reproduction [16]. In our study we cannot refer
to the accuracy of postdictive time judgment, but the significant correlation between the
11-point scale and CVI may correspond to an improvement of the accuracy of time estimation.
Participants may have tended to overestimate the duration, and the parasympathetic activity
may have improved the accuracy of time estimation. As a result, the parasympathetic activity
shortened time estimation and participants felt that the session with larger CVI was shorter.
Contrary to the control group, the change in CVI was not related to the comparative judgment
on the 11-point scale for the round-trip group. This indicates that the relationship between
postdictive time perception and the parasympathetic activity may not be so robust.
At the end of this section we should represent one concern that the significant and nearly
significant correlations out of 16 might well be false positives. In the present study CVI showed
the significant correlation with time perception, which in part follows previous research [16]
finding the relationship between time perception and the parasympathetic activity. Moreover,
it seems reasonable that CVI and SD-HR showed higher r values because the parasympathetic
nervous system composes ANS. So the correlations we found may be genuine. Nevertheless
more research is need in this issue.
What causes the return trip effect?
Why does the round trip bias time perception? Ven et al. [4] reported that the return trip effect
was observed not only when the return trip was via the route same as the initial trip, equivalent
to our round-trip group, but also via a route different from the initial trip. Seno et al. [6] found
that the return trip effect was induced only when self-motion perception was accompanied by
a round-trip story. Though these two studies used shorter durations than the present study (7
min in Ven et al. [4], 40 s in Seno et al. [6]), their results both suggest that the fact or the aware-
ness of “return” would be necessary for the return trip effect. Our control group did not have
this awareness, which supports this idea. If this awareness is systematically manipulated, condi-
tions necessary for the return trip effect might be found.
To interpret the return trip effect in a clearer way, the experimental design should be im-
proved. The round-trip group watched movie-1 and -2 as a round trip while the control group
saw movie-2 and -3 as a non-round trip. Due to this design the two groups were looking at dif-
ferent scenery or objects. We preliminarily searched the numbers of corners, distances, sizes of
the roads, and traffic volume in order to match the environments of the routes. However, the
scenery of the movies the two groups watched was not completely the same. For future re-
search, one of the ways to solve this problem would be to use two sets of round-trip movies,
such as pairs of movie-1 and -2, and movie-3 and -4. This design will enable us to make four
round-trips and eight non-round-trips by counterbalancing the order and combination. Using
this design, we will be able to compare the round-trip condition and the non-round-trip condi-
tion with the same scenery.
Also, the ecological validity could be elevated. We used as stimuli real-life intervals and the
projection of walking movies, which seem to provide a sufficient sense of immersion. However,
this environment is different from a real walk in some ways, for example, a narrow field of vi-
sion or the absence of physical activity. There are few studies relating time perception to physi-
cal activity, but physical activity may modulate time perception. It has been reported that
physical activity lessened the accuracy and the variability of time perception [35]. In contrast,
Return Trip Effect by Postdiction
PLOS ONE | DOI:10.1371/journal.pone.0127779 June 10, 2015 12 / 14
Tobin & Grondin [8] found smaller variability of time perception with physical activity than vi-
sualizing that activity. The impact of walking as a physical activity should be investigated by
using treadmill or a field study.
Conclusion
We investigated the return trip effect in a comparatively ecologically valid situation over a real-
life interval. By comparing the round-trip condition and the non-round-trip condition, it was
confirmed that the return trip does actually make us feel that time is shorter. Moreover, our
two methods of time estimation suggest that the return trip effect does not affect the timing
mechanism itself, but rather our feeling of time postdictively. We also examined whether ANS
activity measured by ECG is related to time perception. Parasympathetic function is one of the
resources for temporal information, although it is not so robust one.
For future research, it would be interesting to test the contribution of the awareness of “re-
turn” because this semantic labeling may be a major factor in inducing the cognitive bias of the
return trip effect. Moreover, neuroimaging studies could provide insight into how time is per-
ceived in ecological situations.
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